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ABSTRACT 

Tantalum pent oxide thin films are used as dielectric layers for capacitors, gate insulating 
layers for MOSFETS, RF MEMS switches, etc. Charge carriers transport mechanism and 
charge storage in insulating layer are important parameters for the application in these devic-
es. Ta205 films show good electrical and dielectric properties for considered applications and 
low leakage current density value 4x10-8A/cm2 for the electric field 2 MV/cm. Dominant 
mechanism of charge carriers’ transport is ohmic conduction for the low electric field, while 
Pool-Frenkel mechanism become dominant for electric field in the range 1 to 2.5 MV/cm. 
Tunneling current component is comparable with Pool-Frenkel current component or be-
come dominant for electric field higher than 2 MV/cm at temperature lower then 200 K.  

1. INTRODUCTION 

 A tantalum capacitor consists of metallic Ta anode, amorphous Ta2O5 insulating layer 
produced mostly by anodic oxidation, and semiconductor MnO2 cathode. Capacitor structure 
can be in the first approximation considered as an ideal metal-insulator-semiconductor (MIS) 
structure [1 to 3]. Charge carriers transport mechanism and charge storage in insulating layer 
are important parameters for the application in these devices. Ta205 films show good 
electrical and dielectric properties for considered applications and low leakage current 
density value 4x10-8A/cm2 for the electric field 2 MV/cm. Dominant mechanism of charge 
carriers’ transport is ohmic conduction for the low electric field, while Pool-Frenkel 
mechanism become dominant for electric field in the range 1 to 2.5 MV/cm. Oxide film 
contains oxygen vacancies with concentration of the order of 1018/cm3.   
They act as donors - deep traps which are charged during the electric field application.   
Before VA characteristic measurement these traps where discharged. MIS structure model 
for tantalum capacitors with manganese dioxide cathode can be modified on the base of this 
leakage current analysis. 

2. EXPERIMENT AND DISCUSSION 

Experimental analysis in wide temperature range can give information on different current 
components as ohmic, Poole-Frenkel and tunneling. VA characteristics measured for 
tantalum capacitors from different producers in normal mode (Ta electrode is positive) and 



 

 

the temperature range 250 to 400 K were analyzed. The thickness d of the insulating layer 
for capacitors of producer A and B are in the range d = 30 to 33 nm. We will use value of 
relative permittivity εr = 27 for Ta205 prepared by anodic oxidation. For the capacity C = 150 
µF we obtain electrode area A = 211 cm2. 
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Fig. 1. VA characteristics of capacitor  
MK – 03 in normal mode, T = 250 - 400 K 

 VA characteristics of capacitor MK - 03 in normal mode for temperature range from 250 
to 400 K are shown in Fig.1. It is clear from Fig.1 that leakage current increases with 
increasing temperature. 

0

10

20

30

0 3 6 9

y=ax+cxexp(dsqrt(x)) 
a=0.216, c=0.00293, d=2.46 I

PF

I
Ω

MK - 03
T = 400K
Normal Mode

U / V

I /
 µ

A

MK03-VAp400Kna.ep         

 

Fig. 2. VA characteristic of capacitor MK – 03 in normal mode, T = 400 K 

The leakage current vs. applied voltage dependence can be approximated by equation: 

 ( ) ( ) ( )UUUGUUGUGtI TTPFPF /expexp αβ ++= Ω , (1) 

Where ΩG  is ohmic conductivity, GP is Poole-Frenkel conductivity, βPF is Poole-Frenkel 

coefficient, GT is tunneling current constant, exponent α depends on the potential barrier 
profile (α = 0 to 2), and UT is a tunneling constant dependent on the barrier height and their 



 

 

thickness. Poole-Frenkel coefficient is given by: 

 kTde rP /)/( 2
1

0
3 επεβ = , (2) 

where d is the isolating layer thickness and εr is relative permittivity. 

Ohmic and Poole-Frenkel current components are thermally activated, while the tunnelling 
current component is temperature independent as follow from [2] 
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Where m*
 is effective electron mass, h = 6.6x10 -34 Js is Planck constant and eΦ0 is the bar-

rier energy in eV, and to is effective thickness of potential barrier.  
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Fig. 3. Leakage current vs. applied voltage for capacitor MK03 in normal mode, T = 300 K 

We have observed that the leakage current is given predominantly by the ohmic and Poole-
Frenkel mechanism for the temperature higher than 300 K as is shown in Fig. 2 and Fig. 3. 

0

5

10

15

20

25

0 3 6 9

0 0.5 1.0 1.5 2.0 2.5
E / MV cm-1

I
T

MK - 03
T = 250 K
Normal Mode

I
PF

U / V

I /
 µ

A

mk03-vap250k-na-fit.ep

 
Fig. 4. Leakage current vs. applied voltage for capacitor MK03 in normal mode, T = 250 K 



 

 

For the temperature 250 K the tunneling current is comparable with Poole-Frenkel current 
component for applied voltage 8 V as is shown in Fig. 4. In this case the applied electric 
field strength E is greater than 2.5 MV/cm. 

To describe the quality of insulating layer we will give the dependence of current densi-
ty as function of electric field strength which is shown in Fig.5. For capacitor  
MK03 we have maximum value of electric field strength E = 1.9 MV/cm at rated voltage 
U = 6.3 V. It is known [3] that breakdown voltage of amorphous Ta2O5 insulating layer 
produced by anodic oxidation is EBR = 4 MV/cm. Using this value of break down voltage 
we can use this capacitor up to 12 V of rated voltage.  
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Fig. 5. Current density vs. electric field strength for capacitor MK03 in normal mode, T = 300 K 

Poole-Frenkel coefficient βPF depends on temperature, insulating layer thickness and 
relative permittivity. From temperature dependence of βPF we can find value of insulating 
layer thickness or relative permittivity. Poole-Frenkel coefficient βPF computed from our 
experiment in temperature range from 250 to 400 K is shown in Fig. 6.    
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Fig. 6. Poole-Frenkel coefficient βPF vs. reciprocal temperature for two different capacitors  
MK – 03 



 

 

From the slope we have for insulating layer thickness d = 33.6 nm that relative permittivity 
is in the range εr = 25 to 31. 

3. CONCLUSIONS 

 The leakage current value for the various temperatures and applied voltage are fre-
quently used as the reliability indicator for tantalum capacitors. Leakage current provides 
information on the insulating layer thickness, its homogeneity and the number of defects in 
tested sample. In the insulating layer there are defects, which are responsible for the value 
and time evolution of the leakage current. The leakage current is a result of the random 
process of charge carrier transport and its DC component gives then information about the 
first statistical moment of this process.  

1. Experimental analysis in wide temperature range can give information on different cur-
rent components as ohmic, Poole-Frenkel and tunneling. It is clear that leakage current in-
creasing temperature. Ohmic and Poole-Frenkel current components are thermally acti-
vated, while the tunnelling current component is temperature independent. 

2. We have observed that the leakage current is given predominantly by the ohmic and 
Poole-Frenkel mechanism for the temperature higher than 300 K. For the temperature 
lower than 250K the tunneling current is comparable with Poole-Frenkel current com-
ponent for applied voltage higher than 8V. 

3. To describe the quality of insulating layer we give the dependence of current density as 
function of electric field strength. For capacitor MK03 we have maximum value of 
electric field strength E = 1.9 MV/cm at rated voltage U = 6.3 V. 

ACKNOWLEDGEMENTS 

This research has been partially supported by grants GACR No.102/09/1920 and under 
project MSM 0021630503.  

REFERENCES 

[1] Sze, S. M., Physics of Semiconductor Devices, 2nd. ed., J. Wiley and Sons, New 
York, 1981.ISBN:0-471-05661-8 

[2] Sedlakova, V., et al. Noise and charge storage in Nb2O5 thin films. Noise and 
Fluctuations, ICNF 2005, Salamanca, Spain, September 19-23, 2005. pp. 135-138. 

[3] Sikula, J., et al. Tantalum and Niobium Oxide Capacitors: Leakage Current, Anodic 
Oxidation and Reliability. CARTS Europe 2007, Barcelona, Spain, October 29 – 
November 1, 2007. pp. 213-222. ISBN:0-7908-0117-5. 

 


